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Abstract

Background Myasthenia gravis (MG) is a rare, chronic, debilitating, unpredictable, and potentially life-threatening
neuromuscular disease. There is a lack of real-world data on disease management that could be used to further
understand and address unmet patient needs and burden. We aimed to provide comprehensive real-world insights in
the management of MG in five European countries.

Methods Data were collected using the Adelphi Real World Disease Specific Programme™ in MG, a point-in-time
survey of physicians and their patients with MG in France, Germany, Italy, Spain, and the United Kingdom (UK). Physi-
cian- and patient-reported clinical data were collected, including demographics, comorbidities, symptoms, disease
history, treatments, healthcare resource utilization (HCRU), and quality of life outcomes.

Results In total, 144 physicians completed 778 patient record forms from March to July 2020 in the UK, and from
June to September 2020 in France, Germany, Italy and Spain. Mean patient age at symptom onset was 47.7 years, with
a mean time from symptom onset to diagnosis of 332.4 days (10.97 months). At diagnosis, 65.3% of patients were clas-
sified as Myasthenia Gravis Foundation of America Class Il or above. Mean number of symptoms reported at diagnosis
per patient was five, with ocular myasthenia reported in at least 50% of patients. At time of survey completion, the
mean number of symptoms reported per patient was five and ocular myasthenia and ptosis were each still present in
more than 50% of patients. Acetylcholinesterase inhibitors were the most commonly prescribed chronic treatments

in all countries. Of 657 patients treated with chronic treatment at the time of the survey, 62% continued to experience
moderate-to-severe symptoms. On average, 3.1 healthcare professionals (HCPs) were involved in patient manage-
ment, 6.2 consultations were made per patient with any HCP over the last 12 months, and 178 (22.9%) patients were
hospitalized in the last 12 months. Overall, HCRU and disease management were similar across all countries.

Conclusions Our findings demonstrated the high burden of MG despite current treatment options for patients with
MG.
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are often not representative of the real-world patient
population. Therefore, real-world studies are important
to better understand the true nature of the disease course
and patient management [1]. Real-world data can be par-
ticularly insightful in rare diseases, where patient popu-
lations available for clinical trials are relatively small and
additional insights may be required to understand how to
best support patients over the course of their disease [2].
In the European Union (EU), a rare disease is defined as
one that affects no more than 1 in 2000 people. There are
an estimated 30 million people in the EU affected by 6000
to 8000 different rare diseases [3].

Myasthenia gravis (MG) is a rare, chronic, unpre-
dictable, debilitating, and potentially life-threatening
neuromuscular disease, characterized by fluctuating
chronic muscle weakness and fatigue. MG is caused by
pathogenic immunoglobulin G autoantibodies which
can inhibit signal transmission at the neuromuscular
junction (NM]) by binding to various proteins including
receptors [4—6]. Most patients with MG (80-88%) have
pathogenic IgG autoantibodies against the acetylcholine
receptor (AChR), while a small minority are autoanti-
body-positive for muscle-specific kinase (MuSK, < 10%)
or low-density lipoprotein receptor-related protein
4 (LRP4, 1%), or are seronegative (10-15%) [6—10]. In
AChR autoantibody-positive MG, the development of
these pathogenic autoantibodies activates the comple-
ment cascade, causing damage to the NM]J and impair-
ment to muscle contraction [11]. In MG, there is a lack
of real-world data that could be used to further under-
stand and address unmet patient needs and burden [12].
While there are evidence-based guidelines that outline
recommendations for the management of MG [13],
there is little evidence about how patients are managed
in routine clinical practice, and on patients’ perspec-
tives of living with MG and the effect that the disease
has on their quality of life (QoL) [14].

Adelphi Disease Specific Programmes " (DSPs) are
surveys generating data from real-world clinical prac-
tice, collecting point-in-time patient demographic data
and treatment practices, in addition to resource-use
and QoL data, in specific therapy areas across vari-
ous countries and varying healthcare systems [15].
Here, we used the MG DSP to conduct a point-in-time
observational analysis of European physician-reported
clinical data and patient-reported QoL data, aiming
to provide comprehensive real-world insights into the
management of MG in five European countries.

Methods

Study design and data source

Data were obtained via the Adelphi MG DSP, a point-in-
time survey of MG-treating physicians and their patients,
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collected in France, Germany, Italy, Spain and the UK.
A complete description of the methods of the survey
has been previously published and validated [1, 15, 16].
This research obtained ethics approval from the Western
Institutional Review Board, sponsor protocol number:
AG8768.

Study population

Physicians were eligible for inclusion if their primary spe-
cialty was identified as neurology, geriatrics or primary-
care medicine, and they treated at least one patient with
a confirmed diagnosis of MG, based on the judgment
and diagnostic skills of the respondent physician. No for-
mal patient selection procedures were in place; however,
physicians were asked to provide data for a consecutive
series of patients to avoid selection bias.

Study outcomes

Participating physicians completed online patient record
forms for each consulting patient after the consultation.
Physician-reported patient characteristics including
demographics, comorbidities and concomitant medica-
tions, clinical profile (reported symptoms and severity
of symptoms reported at time of survey completion),
most “troublesome” symptoms, symptoms at diagno-
sis, disease severity by Myasthenia Gravis Foundation of
America (MGFA) classification, and disease history were
assessed. The term “troublesome” was based on physician
interpretation of symptoms experienced by a patient. The
maximum possible number of selections for “trouble-
some” symptoms was five. Symptoms were checked from
a pre-selected list and were designated as “mild’, “mod-
erate” or “severe” by physician judgment. “Ocular myas-
thenia’, “ptosis” and “diplopia” were all separate options
during data collection. Ocular myasthenia was defined as
“general weakness of the eye muscles’, ptosis was defined
as “drooping of one or both eyelids” and diplopia was
defined as “blurred or double vision” Duration of treat-
ment and healthcare resource utilization (HCRU) were
also collected from the physician-reported questionnaire.
Acute treatment was described in the questionnaire as
‘rescue or acute treatments, and options were intrave-
nous immunoglobulin (IVIg), subcutaneous immuno-
globulin, high-dose steroids, plasmapheresis, and a free
text option for ‘other! Physicians were asked how many
times the patient had been hospitalized in the preced-
ing 12 months because of their MG and for each of these
occasions (up to a maximum of five), to record whether
the patient was admitted through the emergency room
(ER) or spent time in the intensive care unit (ICU) at any
point during the hospitalization. For collation of QoL and
work productivity data, patients for whom the physician
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had completed a patient record form were invited to
complete a pen and paper form themselves, after consul-
tation. Patient-reported work productivity and QoL were
assessed by the Work Productivity and Activity Impair-
ment (WPAI) questionnaire, and the 15-item MG QoL
scale (MG-QoL-15r) score, EQ-5D-5L and Visual Analog
Scale (VAS) scales, respectively.

Statistical analysis

Data were analysed using UNICOM® Intelligence
Reporter version 7.5 (UNICOM Systems, Inc., Mission
Hills, CA, USA).

Results

Demographics

In total, 778 physician-completed patient record forms
were completed by 144 physicians from March to July
2020 in the UK, and from June to September 2020 in
France, Germany, Italy and Spain. Physician-reported
patient demographics by country are shown in Table 1.
The overall mean age of the patients at time of survey
completion was 54.0 years and 52.2% of patients were
female. Mean time from symptom onset to survey com-
pletion was 5.2 years (range: 0.04—61.3 years; n=597),
and mean time from MG diagnosis to survey comple-
tion was 4.0 years (n=698). In all countries, hypertension
was the most prevalent comorbidity (24.4%), followed
by anxiety (17.4%) and dyslipidemia (14.8%). The pro-
portion of patients taking at least one medication for a
comorbid condition, ranged from 75.4% (Germany) to
93.8% (Spain). Mean total number of prescribed and
non-prescribed medications taken per person, including
for comorbid conditions and over-the-counter or sup-
plementary medication, was 1.7 (n=736) and ranged
between 1.1 (Italy, n=144) to 2.4 (Germany, n=100).

Clinical profile

Overall, mean age at symptom onset was 47.7 years
(n=597), with a mean time from symptom onset to
diagnosis of 10.97 months (332.4 days, n=575), and
mean time from first symptom-related consultation with
any physician to diagnosis of 6.92 months (209.7 days,
n=594) (Table 1). In total, 20.8% patients had a
thymectomy since their MG diagnosis (Table 1); 51.9%
(n=84/162) of these patients experienced an improve-
ment in disease symptoms and had not yet relapsed (at
the time of survey completion), while 29.6% (n=48/162)
patients improved but had relapsed, 15.4% (n=25/162)
did not see any improvement, and 2.5% (n=4/162) dete-
riorated further. Prior to diagnosis, 0.9% of patients had
a thymectomy. Diagnosing physicians were neurolo-
gists for most patients (80.8%, n="778), but this varied
between countries: Germany, 61.8%; France, 78.1%;
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Spain, 78.3%; Italy, 88.2%; UK, 98.2%. Notably, almost
40% of patients in Germany, and almost 20% of patients
in Spain and France were diagnosed by a non-neurologist
specialist, including general practitioners, ophthalmolo-
gists, internists and geriatricians. Almost one-quarter of
patients (24.3%) across all countries had initially been
misdiagnosed with another condition. Chronic fatigue
syndrome was the most common misdiagnosis in four
out of five countries, accounting for 32.8% of misdiagno-
ses overall (Table 2).

At diagnosis, 65.3% of patients had more than just ocu-
lar symptoms (MGFA II-V) and, at time of survey com-
pletion, this proportion of patients with generalized MG
increased to 71.5% (Fig. 1). From a confirmed MG diag-
nosis until the time of survey, 45.0% of patients were clas-
sified with MGFA Class III or above, meaning they had
experienced moderate-to-severe weakness of limb, axial,
oropharyngeal and/or respiratory muscles. The five most
frequently reported and most troublesome symptoms
are presented in Table 3. In general, the mean number of
symptoms per patient, and type of symptom, was simi-
lar at diagnosis to the time of survey completion. Ocular
myasthenia was the most frequently reported symptom
at the time of survey completion (60.7%), while general
fatigue was reported as being the most “troublesome”
symptom overall and in each country. Overall, 13.8%
of general fatigue cases were reported as severe, rang-
ing from 5.6% (UK) to 16.8% (Spain). While frequently
reported, most cases of ocular myasthenia were mild, and
it was generally not regarded as “troublesome”

Treatment

Most patients with MG had been prescribed treatment at
some point over the course of their disease; only 4.0% of
all patients had never received any prescribed treatment
for their MG (Table 4). Among patients who were classi-
fied as MGFA Class III and above at time of survey com-
pletion (n=192), six (3.1%) patients had never received
any prescribed treatment. Acetylcholinesterase inhibitors
(AChEIs) were the most commonly prescribed chronic
treatments in all countries, followed by prednisone and
azathioprine (Fig. 2).

However, despite treatment, some patients still expe-
rienced moderate or severe symptoms at time of survey
completion: 657 patients were receiving chronic treat-
ment, of whom 410 (62.4%) still experienced moderate or
severe symptoms. Of patients who still experienced mod-
erate or severe symptoms, 219 patients had only received
first-line chronic treatment (AChEI and/or steroids)
and of those, 70 patients had received acute treatment.
Forty-six patients who were still experiencing moderate
to severe symptoms were being treated with second-line
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Table 1 Patient demographics

France Germany Italy Spain UK Total
Enrolled physi- 17 33 32 36 26 144
cians, n
Completed PRQs,n 128 102 152 244 152 778
Completed PRQs 7.5 3.1 4.8 6.8 58 54
per physician, mean (3.48,1-10) (2.10,1-10) (3.78,1-10) (346, 1-10) (3.93,1-10) (3.66, 1-10)
(SD, range), n
Age at form com- 524 (16.69) 57.6(14.34) 53.5(15.37) 542 (16.74) 52.9(17.90) 54.0 (16.44)
pletion, mean (SD),
years
Age at symptom 479 533 46.9 46.9 46.7 47.7
onset, mean (SD), (1539,n=101) (14.28,n=57) (16.30,n=124) (16.85,n=191) (18.34,n=124) (16.65, n=597)
years
Age at MG diagno- 483 54.9 475 49.7 48.1 495
sis, mean (SD), years  (15.71,n=107) (14.24,n=98) (15.82,n=129) (16.75,n=216) (17.87,n=148) (16.47,n=698)

Time since first
symptoms of MG
experienced to
survey completion,
mean (range), years

Sex, %
Male
Female

BMI
Overall mean,
kg/m?
<185, %
18.5-24.9, %
25-299, %
>30,%

Autoantibody
status, n (%)

AChR+

MuSK+

LRP4+

Seronegative
Thymectomy, n (%)

Time since thymec-
tomy to survey
completion, mean
(SD), weeks

Patients with > 1
comorbidity, n (%)

Top 5 most reported
comorbidities (%)

n
1
2

3.83(0.71-16.12)

414
586

3.1
64.8
28.1
39

25(35.7)
3(43)
1(1.4)
2(29)
23(17.97)

167.2
(186.64, n=21)

91 (71.1)

91
Hypertension (25.0)
Anxiety (23.4)

Depression (14.1)

Dyslipidemia (12.5)

Hashimoto's thy-
roiditis (8.6)

3.55(0.19-11.16)

559
441

26.1

422
49.0
8.8

4(8.7)

0

0

122)

27 (2647)

94.2
(60.64,n=27)

57 (55.9)

57
Hypertension (28.4)

Mild liver disease
(7.8)

Anxiety (5.9)
Depression (4.9)

Dyslipidemia (3.9)

6.49 (0.04-41.36)

48.0
520

244

2.6
533
382
59

31(38.8)
5(6.3)

0

8(10.0)
44 (28.95)

393.1
(441.17,n=34)

102 (67.1)

102
Hypertension (20.4)
Anxiety (15.8)

Dyslipidemia (12.5)
Depression (10.5)

Diabetes without
chronic complica-
tions (9.9)

5.18(0.11-39.99)

50.8
492

4.1
451
414
94

19 (26.8)
1(1.4)

0

2(28)
34(13.93)

2364
(287.05,n=30)

178 (73.0)

178
Hypertension (29.5)
Anxiety (25.0)

Dyslipidemia (24.2)
Depression (22.1)

Diabetes without
chronic complica-
tions (16.0)

5.60(0.12-61.3)

428
57.2

253

0.7

500
388
10.5

28 (27.5)
0

0

2(2.0)

34 (22.37)

3638
(625.07, n=25)

89 (58.6)

89
Hypertension (17.1)
Depression (12.5)

Dyslipidemia (11.2)

Diabetes without
chronic complica-
tions (9.9)

Anxiety (9.2)

5.16 (0.04-61.33)

47.8
522

249

24
505
39.1
8.0

107 (29.0)
9(24)
1(03)
15(4.1)
162 (20.82)

2599
(391.01,n=137)

517 (66.5)

517
Hypertension (24.4)
Anxiety (17.4)

Dyslipidemia (14.8)
Depression (14.4)

Diabetes without
chronic complica-
tions (10.4)
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Table 1 (continued)
France Germany Italy Spain UK Total
Patients with > 1 835 754 86.3 93.8 78.7 85.9
comorbid condition (n=91) (n=57) (n=102) (n=178) (n=89) (n=517)
taking co-medica-
tions, %
Number of co-med- 1.6 24 1.1 1.6 2.1 1.7
ications per patient  (n=91) (n=57) (n=102) (n=178) (n=89) (n=517)
with > 1 comorbid
condition, mean
Top 5 most reported
co-medications in
patients with > 1
comorbid condition
(%)
n 91 57 102 178 89 517
1 Other psychologi-  None (25) Antidepressants Antidepressants Statins (26) Antidepressants
cal medication (21) (28) (38) (27.1)
2 Antidepressants ACE inhibitors (23)  Statins (25) Statins (37) Antidepressants Statins (26.7)
(21) (24)
3 Statins (19) Other anti-hyper- ACE inhibitors (25)  Insulin (23) None (21) ACE inhibitors (18.0)
tensive medication
(18)
4 None (16) Beta blockers (14) Insulin (15) Non-insulin anti- Non-insulin anti- Insulin (16.4)
diabetics (22) diabetics (19)
5 Thyroid medication  Statins (12) None (14) Diuretics (21) Insulin (19) Non-insulin anti-

(14)

diabetics (15.3)

The denominator equals the number of completed PRQs, unless otherwise specified

ACE angiotensin-converting enzyme; AChR acetylcholine receptor; BMI body mass index; LRP4 low-density lipoprotein receptor-related protein 4; MG myasthenia
gravis; MuSK muscle-specific kinase; PRQ physician-reported questionnaire; SD standard deviation

non-steroidal immunosuppressants as part of their
chronic treatment regimen.

The total number of patients who were receiving or
had previously received acute treatment is reported in
Table 4. Overall, 298 (38.3%) patients had received acute
treatment, and IVIg was the most prescribed acute treat-
ment in all countries except Spain (high-dose steroids).
The most common reasons for prescribing acute treat-
ment in all countries were exacerbations or myasthenic
crises, as judged by the physician (Table 4).

HCRU

On average, 3.1 healthcare professionals (HCPs) were
involved in patient management, with the top three
overall being neurologists (92.5%), primary care physi-
cians (78.3%), and ophthalmologists (17.7%) (Table 5).
Overall, each patient had an average of 6.2 consultations
with HCPs over the last 12 months. Of patients who
were untreated (n=31), primary care physicians (n=16,
51.6%) and neurologists (n=8, 25.8%) were the HCPs
most involved in their overall management. Approxi-
mately a quarter of the patients in each country were
hospitalized in the last 12 months, with half of these
admitted via the ER and 11.2% of patients admitted to the
ICU (Fig. 3a, b). Of those who stayed overnight (n=131,

74% of hospitalized patients in the last 12 months), the
mean length of stay was 6 nights (Fig. 3c). The most com-
mon reason for admission was to receive IVIg (31.5%),
followed by treating a complication (24.7%).

Patient-reported work productivity and QoL

In total, 226 patient-completed forms and 28 caregiver-
completed forms were received. WPAI and EQ-5D
scores from the patient-completed forms are presented
in Fig. 4 for all countries combined. Mean WPAI scores
for patient-reported work time missed, work impair-
ment and activity impairment were between 16 and 42%
(Fig. 4a), and patients reported an overall MG-QoL-
15r score of 11.8 (standard deviation=7.43) out of 30
(n=213), where 0 represents no impairment and 30 rep-
resents very severe impairment (Fig. 4b). EQ-5D VAS and
EQ-5D-5L scores were 65.6 out of 100 (n=214) and 0.72
out of 1.00 (n=220) respectively (Fig. 4c), where O rep-
resents the worst health state on both scales. Compared
with a mean VAS for the general population of France,
Germany, Italy, Spain and the UK combined of 77.8 [17],
these data suggest that MG had a moderate reduction on
patients’ QoL.
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France (n = 128)
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29
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Italy (n = 152)
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At diagnosis
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Spain (n = 244)

33
1.2
Currently

Highest 1.8

1.2

At diagnosis 04

0 20 40 60 80 100
UK (n = 152)

Highest

Currently

Highest

0 20 40

uClass llIB =Class IVA mClass IVB mClass V

Fig. 1 Proportion of patients with each MGFA classification at diagnosis, highest, and currently*. *Current at time of survey completion. MGFA,

Myasthenia Gravis Foundation of America

Discussion

These data provide a comprehensive set of real-world
insights into the management of MG from five European
countries and confirm previous findings from the United
States that a significant number of people living with MG
have chronically uncontrolled disease [18].

The proportion of patients who had more than just
ocular symptoms (MGFA Class II-V) increased following
diagnosis and throughout the course of disease, suggest-
ing generalization of the disease and an increase in dis-
ease severity over time. This describes the usual disease
course and aligns with previous observations [4, 6, 19].
Despite 96% of patients being treated, the mean number

of symptoms per patient overall was the same at diag-
nosis and at the time of survey completion, and the five
most frequently reported symptoms experienced at time
of survey completion were also similar to those reported
at diagnosis. At any point over the course of disease, 45%
of patients were classified with MGFA Class III or above,
compared with approximately 27% at diagnosis, reflective
of the known fluctuations in MG symptoms.

Many people with MG report a negative impact of
disease on their life due to fatigue [20, 21] and muscle
weakness, together with anxiety and depression [22-26].
In this study, 11% of patients had severe fatigue, and
general fatigue was reported as the most “troublesome”



Page 8 of 17

169

(2023) 18

Mahic et al. Orphanet Journal of Rare Diseases

uaned
J1ad swordwiAs
Lua1nd Jo
S € 9 S Vi v Jsqunu uesiy
swie swie
ayul syl ul Suiie 8y ul SUlIe ay) ul swie ayi ul
(9S€) ££T  sSaUNRIM (SSE)¥S  ssauesap) (90Y) 66 SSOUNRIM (C¥e)Ts  ssawieam (L9v) L eidoidig (SPY) LS SSOUNRIM
anbie} anbiey anbiey anbiey anbiney
(TLy) 19¢ [SERER (L'vb) £9 [SERER (8109 vCl [BIRUSS (5'6€) 09 [BI2USS (L9v) Ly [SERER (€°SY) 85 eidojdig
elu
-ay1seAW
(S05)e6e  ewdojdig (l9y)os  edodig (€€9)0el  adoidig (6'25) 88 eidojdig (6'€5) SS 515014 (6'€5) 69 1ejn20
Annoe
|ea1sAyd
eju Buimoljoy
-ayiseAw eluaLISeAW ayoe anbney
(¥19) 10S S1S01d (509) 26 18In20 (6'39) 891 18|n20 (£69) 901 sIsOid (£59) L9 3PS (6°€5) 69 [IENEDY
SVES=AW] eluayiseAul eluayiseAw
(5£9) sTS§ 18|n2Q (509) 76 S1S01d (10 1LL s1S01d ©L0)L11 1BIn20 (S10)6L 18|n2Q (T09) LL S1S01d
sisoubelp
1e swoldwAs
pavodal
() U  wordwAs (%) U wordwAs (%) u  wordwAs (%) u wordwAs (%) u wordwiAs (%) u  wordwAs 1sow g do|.
sisoubelp
1ejuaned Jad
swoidwiAs jo
S ¥ 9 S S S Jaguuinu ues|p
(8££=N) (zsL=u) (Prz=u) (zsL=u) (zoL=u) (8zL=u)
|eloL N uteds Aley Auewuan aduely

SwodWAS ,2wosa|qnoll, 150w pue swoydwAs papodal 1sow ‘suloiduAs (Uona|duod ASAINS JO Wl 18) JUa1Ind pue sisouberp 1e swoldwAs € ajqel



Page 9 of 17

169

(2023) 18

Mahic et al. Orphanet Journal of Rare Diseases

9L 8¢C L9 cee 6L 0L
EIETENS EIETENS IETENS EIEVENS IEIENS EIETENS
g8y suie L6l suie 618 (004 9SS 8er
DIRIBPOW  (#°L€) Syl ul 91eISPON Syl Ul :91RISPON (97p) swlesaylul :21eIBPON (967)  SBsjauiul  P1RISPOIN  (8719) MfPLU LYl Ul i1RISPON sbajayl ul
0y PIW L6C  SSOWfeaM  EIPIN  (60€) b SSOUMBIM €LY PN YOl SsoUNesp  8'/E:PIIW S SSOUEIM  S'OE PIIN €9 SsaWieSM  GSYIPIN (SLE)8Y  SSOWNRSM S
o€ 00 LS ol Sl 69
CICTEIS CICTEIS EICUEIS CICTEIS EICUEIS EICUEN
VA3 8'8¢ o€ 809 6CS 144
21RIDPOW  (£°8€) ‘91RI2PO :91RISPON (0€h) :21eI9POIN  (L'0Y) onbue)  d1espo  (£'99) :91RI9PON
765 PINW 86C edoidig  Z1Z:PIW - (T€) 2§ eidoidig  1'85 Pl S0l eidoidig  gzePIW 19 [eIRUSD 9SGy Pl 89 SISOl £'LSPIW  (E'GY) 8§ sisold ¢
g€l 9 891 00 rel L9
EIEVEIN 2I9A3S CIEVEIN EIEVEIN EIETENS EIETENS
8'€s LLre 96 (4974 069 06S
D1eISPO  (T'LS) anbnej :21e19PON :91RISPON (£€5) anbnej :31eI9POW  (8°0%) 21eI9pOW  (9'69) anbnej  :a1e19pON swiie 9y ul
¥'CEPIN 86¢ [e2USD  T99PIIN - (8'Th) S9 SISOl 9'€ECPIN Lel [elBUSD  8FS PIIN 9 eidoidig €81 :PIW ¥4 [el2USD  €'BEPIN  (6'9¥) 09  SSaUMeS] €
8Y 99 8¢ 9¢ 691 Ainnoe 9
EIETENS EIETENS EIETENS CIEVEIN EIEVEIN |ed1sAyd EIEVE]N
(0] 0)4 L6l L'6€ (0224 SLL Buimoyjoy 8'S¢C
21RIBPOW  (6'GS) :91RISPON BIUSYISEAW  :91BISPON (6'€9) elUSLISRAW  :21RISPOW  (£7G6) 21eI9pOW  (9'69) 9Yoe  :91eISPON eluaLIseAW
CSSPIW Ser SISOl SLLPIN (L9Y) LL Jendo  L'LSPIW 951 Jend0  ¥'ZSPIN 78 SIs0ld 9SG PIIN ¥4 SPSNN - L/9°PIIN - (¥'8Y) 29 Jejndo ¢
8¢C 9s 9s ol 00 9G1L
IETENS EIEVENS EIETENS EIEVENS EIETENN EICIEN
{444 £0S 69¢ LSy 8L 91S
D1RIOPOW  (£09) ElusYISeAW  :91RISPOIN anbnej :21eIPOW (9'59) 21RIRPOIN (1'69)  BIUSYISBAW  :21RISPOIN  (§'9/) BIUSYISBAW  :91RISPOIN anbney
675 PINW Uy JeInd0 L€V PN (L9Y) LL [eJaueD  G/G PN 091 SISOl €ESPIN - SOL Jendo  gLTPIN 8L >0 gZEPIN (009) ¥9 [ejpuey |
A1IanAas pue
swoldwAs ,Juai
-Ind pauodai
19 KBNS (%) U WOIdWIAS |96 KaioASS (%) U WOodWIAS |9 Kalanas ) U WOoldWAS 06 AWIBNSS (%) U woldwAs 96 Awanas (%) u woldwAs 96 Auiansg (%) u  wordwAs 1sow G do|.
(8££=N) (zsL=u) (rrz=u) (zsL=u) (zoL=u) (8ZL=U)
|elop in ujeds Aley Auewuan adueiy

(Panunuod) € 3jqey



Page 10 of 17

169

(2023) 18

Mahic et al. Orphanet Journal of Rare Diseases

woldwiAs 1ey) bupusuadxs syuaied Jo Jaquinu ayi S| oleujwouad '
uond|dwod A3AINS JO dWI] 1B JUBLIND,

1s1] pa1d3jasaid ay3 Ul uondo ue Jou sem,sisud dluayised|), ,UOISIA 3|gNOp 40 paiin|q, se pauyap sem eidojdip pue,spijaka yioq 1o auo jo Huidooup, se pauyap sem sisord
1S3]2SNW 343 DY} JO SSBUBRSM [RISUSB, SB PAULSP Sem lUSYISeAW Je|nd(Q Uo(3d3|0d elep bunp suopido dieledss |je a1om eidoldip, pue,sisold, elusyiseAw 1ejndQ, sl pa3d3|as-aid e woly paydayd 1am swordwAs

o

(6'6) pooy uo
(6'71) Swe ay1 ul ssauxeapp (6'6) SWIe BY1 Ul SSSUNeIpA (£°91) SB3| 8y Ul sSaUNPIA Bupjoys/buimoliems Anoyig (0'97) eluayiseAw Jejnd>Q (6'91) elUBYISRAW 1e[ndO) G
(9'61) erUayIseAW 1ejnoQ (Tr1) eruayiseAw 1ejnoQ (€61) elUBYISRAW Je[NDO (907) sis01d (1'£2) dP3U 2Y) Ul ssauxeap (@/1)edoidig ¥
(861) eidojdig (9'61) eidojdig (€7 eidojdig (0'z) eidojdig (1'87) sis01d (G'61) sBaj ay Ul ssowNeIM €
(1'87) Awannde
(8'77) sis01d (£'77) si1s01d (€'57) sis01d (¥'€7) elUBYIseAW JeN>0 [ed1sAyd Buimoy|og ayde 3asniy (%) swie aUyy Ul SsBUNIM T
(G'z€) anbiiey [esouRD [(XSIEIIEINENED) (7€) @nbiiey [e1aUD (0°£2) enbney je1oudn (¢'67) @nbiiey [e1ausD (7€) anbliey jessuan |
(%) swoy
-dwiAs ,awos
-a|gnoa,
60/ Il 324 Ll 9% gLl u  1sowgdop
(8£L=N) (zsL=u) (brz=u) (zsL=u) (zoL=u) (8zL=u)
|eloL In uleds Aley Auewssn aduely

(penunuod) € ajqeL



Mahic et al. Orphanet Journal of Rare Diseases (2023) 18:169

Page 11 of 17

Table 4 Patients receiving acute treatment, most frequently prescribed current (at time of survey completion) acute treatments, and

reasons for acute treatment

France Germany Italy Spain UK Total
(n=128) (n=102) (n=152) (n=244) (n=152) (N=778)
Untreated", n (%) 4(3.1) 2(2.0) 7 (4.6) 14 (5.7) 4(2.6) 31 (4.0
Previous acute treatment, n (%) 57 (44.5) 27 (26.5) 54 (35.5) 109 (44.7) 51(33.5) 298 (38.3)
Current® acute treatment n=9 n=3 n=38 n=21 n=>6 n=47
IVIg, n (%) 5(55.6) 3(100.0) 7 (87.5) 7(333) 2(333) 24 (51.1)
High dose steroids, n (%) 5(55.6) - - 10 (47.6) 2(333) 17 (36.2)
Plasmapheresis, n (%) - - 1(12.5) 1(4.8) - 2 (4.3)
SClg, n (%) - - - 3(143) - 3(64)
Other, n (%) 1(11.1) - - 1(4.8) 2(333) 4(8.5)
Reasons for acute treatment n=9 n=3 n=38 n=21 n=6 n=47
Exacerbation®, n (%) 5 (56.6) 2 (66.7) 3(37.5) 11(52.4) 3(50.0) 24 (51.1)
Myasthenic crisis®, n (%) 3(333) 1(33.0) 3(37.5) 4(19.0) 1(16.7) 12 (25.5)
Prior to thymectomy surgery, n (%) 2(22.2) - - 2(9.5) - 4(8.5)
Patient not responding to mainte- 1(11.1) - 1(12.5) 1(4.8) - 3(6.4)
nance/chronic therapy, n (%)
Prior to an unrelated surgery, n (%) - - 1(12.5) ) - 246
Patient needs fast onset of action until - - - 2(333) (8.5
maintenance therapy, n (%)
Don't know, n (%) - - - 1(4.8) - 1(2.1)

Data are not adjusted
IVlg intravenous immunoglobulin; SClg subcutaneous immunoglobulin
*Current at time of survey completion

* Patients who have never received any prescribed treatment

* Physician-defined, in response to: “Patient suffering from exacerbated symptoms/relapse (but not a crisis)”

$ Physician-defined, in response to: “Patient was in myasthenic crisis”

symptom in all countries. These findings reflect how
symptoms regarded as “troublesome’, such as fatigue
and muscle weakness, are those that directly and nega-
tively impact QoL and the ability to perform daily tasks
[20, 24]. This is consistent with a study from Germany
who report health-related quality of life is substantially
lower in patients with MG compared with the general
population, including more symptoms of fatigue, anxiety,
and depression [27]. Patients with MG are known to be
more likely to report anxiety and depression [28] and in
our study, a large proportion of patients reported depres-
sion, anxiety, or both. Our study was conducted during
the 2020 COVID-19 pandemic, during which rates of
depression and anxiety increased from pre-pandemic
years by about a quarter [29], so it is possible that the
high rates of depression and anxiety reported here were
influenced by the pandemic. Comorbidities add to the
disease burden, from which two-thirds of patients in this
survey were reported to suffer, and almost 86% of these
patients received one or more concomitant medica-
tions. A quarter of patients with a comorbidity received
antidepressants.

Our findings on treatment and symptom severity in
MG demonstrated that despite chronic therapy, two-
thirds of patients within this MG cohort were still mod-
erate-to-severely symptomatic. Of those with ongoing
moderate or severe symptoms, many patients were still
being treated with first-line AChEI or steroid therapy.
Patients who had previously required acute treatment
were more likely to receive second- or third-line ther-
apy. Data from the US medical claims database, IBM®
MarketScan® Commercial Claims Encounters and Medi-
care supplemental, have also shown that many patients
with MG experienced exacerbations and required rescue
therapy despite treatment [30]. In the present study, over
one-third of patients had previously received acute treat-
ment, predominantly for the treatment of exacerbations
or myasthenic crises, highlighting the lack of disease
control with currently available maintenance treatments.
Taken together, these data suggest there is a significant
need for improved treatment options in MG to reduce
the number of symptoms, disease severity and burden on
patients.
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Fig. 2 Top 10 most prescribed chronic treatments (current®) in each country. *Current at time of survey completion. Total prescriptions are above
100% as more than one treatment could be selected per patient. IVlg, intravenous immunoglobulin; SClg, subcutaneous immunoglobulin

Table 5 HCP involvement in patient management and consultations in the last 12 months

France Germany Italy Spain UK Total
(n=128) (n=102) (n=152) (n=244) (n=152) (N=778)
Most frequently involved HCPs in patient management*
Primary care physician, % 758 87.3 60.5 85.2 80.9 783
Neurologist, % 89.8 794 96.1 93.9 98.0 925
Ophthalmologist, % 258 284 - - - 17.7
Pulmonologist, % - - 184 - - -
Internist, % - - - 234 - -
Neuromuscular specialist nurse, % - - - - 15.1 -
Total number of HCPs involved in patient management, mean 28 35 27 33 28 3.1
Number of consultations with HCPs in last 12 months, mean 6.3 9.8 43 7.2 38 6.2

HCPs healthcare professionals

*The top three most frequently involved HCPs in patient management are reported for each country

Although there is some variability, HCRU and disease
management were generally similar across all countries.
As expected, neurologists were the most frequently
involved HCPs overall and three-quarters of patients
across countries were also seen in primary care, possibly
reflective of a collaborative, multidisciplinary approach
to management of patients with MG. Across countries,
at least one-fifth of patients had been hospitalized in the
last 12 months; the highest proportion of patients was
seen in France, where one in three patients had been hos-
pitalized. AChEISs, specifically pyridostigmine, were the
most commonly prescribed treatment for chronic MG in

all countries, reflecting international and UK guidelines
that pyridostigmine should be used in the initial treat-
ment in most patients with MG [31, 32]. Wide use of
prednisone and azathioprine also reflected international
treatment recommendations for adding corticosteroids
to AChEIs or immunosuppressive treatments as second-
line treatment, respectively [31]. However, despite inter-
national guidelines not reaching a consensus on the use
of rituximab in MG, we found that rituximab was the
fifth most commonly prescribed treatment overall [31].
The results from this study are supported by a grow-
ing body of real-world evidence from physician-reported
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(a) Proportion (%) of patients hospitalized in the last 12 months
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(b) Proportion (%) of patients admitted through ER and ICU of patients who were hospitalized in the last 12 months
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(c) Mean number of nights spent in hospital for patients who were hospitalized in the last 12 months*
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(n = 26) (n=19) (n=19) (n =46) (n 21) (n=131)
Fig. 3 Physician-defined hospital admissions and length of stay in the last 12 months. a Proportion (%) of patients hospitalized in the last
12 months. b Proportion (%) of patients admitted through ER and ICU of patients who were hospitalized in the last 12 months. ¢ Mean number
of nights spent in hospital for patients who were hospitalized in the last 12 months*. Data are based on answers to the following questions from
the physician-reported questionnaire: a“How many times has the patient been hospitalized because of their MG?"; b “Was the patient in ICU/ER at
any point during the hospitalization?”; and ¢ “What was the time spent in hospital?” *Excludes day cases and “Don't know" answers. ER, emergency
room; ICU, intensive care unit
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questionnaires and claims databases that highlight how  options and early treatment interventions. Many peo-
MG disease activity is not always adequately controlled ple with MG continue to have exacerbations and inade-
[33-37], and that there is a need for improved treatment  quately controlled disease despite maintenance treatment
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(a) Patient-reported WPAI (all countries)
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(c) Patient-reported EQ-5D (all countries)
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Fig. 4 Patient-reported work productivity and QoL. a Patient-reported WPAI (all countries). b Patient-reported MG-Qol-15r score (all countries).
Patient-reported EQ-5D (all countries). MG-Qol-15r, 15-item Myasthenia Gravis Quality of Life scale; VAS, Visual Analog Scale; WPAI, Work Productivity

and Activity Impairment

[38], and some still experience myasthenic crisis [39].
A real-world study conducted in Sweden reported that
almost half of 1077 patients reported their symptoms as
‘dissatisfactory’ [35]. Approximately 10-20% of patients
with MG receiving currently available treatments do not
respond to treatment, which has a significant impact
on health-related QoL [40, 41]. There are several, novel
immunotherapy treatments currently in development for
MG with promising efficacy and safety profiles compared
with conventional treatments [42]. Complement inhibi-
tors (eculizumab, ravulizumab, zilucoplan) and neonatal

Fc receptor blockers (efgartigimod, rozanolixizumab,
nipocalimab) are among the targeted treatments now
available or in development that may help reduce the
risks associated with broad-spectrum immunotherapies,
and both short- and long-term steroid use [42, 43].

In addition to improved treatment options, patients
also need an accurate and expedited diagnosis of MG.
In the present study, on average, patients were waiting
nearly 11 months for a diagnosis following their onset of
symptoms. The Swedish study reported that patients may
be waiting for up to 2.6 years for an MG diagnosis [35],
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during which time patients are left untreated and expe-
riencing symptoms [44]. In the present study, in which
MG diagnosis was based on the physician’s judgment,
approximately a quarter of patients in this study were
misdiagnosed on presentation of symptoms. Patients
with MG were being misdiagnosed with nonspecific
syndromes or psychogenic disorders, such as chronic
fatigue syndrome or hysteria, highlighting the need for
additional education in the medical community about
MG and its symptoms and standardized procedures to
establish a diagnosis of MG, so patients can be referred
to specialists as soon as possible. Other real-world data
from the US MarketScan® database suggest that the early
years following MG diagnosis are a period of particularly
high healthcare burden, and therefore a rapid diagnosis is
essential to avoid increased HCRU [45]. However, access
to assessments by specialists varies between the medical
systems used in different countries, with some systems
providing direct access to specialist care and others exer-
cising more control [46].

The limitations of this study are those inherent to real-
world data collection and interpretation. Data capture
was dependent on patients presenting to the physician
in the fieldwork time frame, which generated a range of
patients across treatment types and disease stages; how-
ever, there may have been a greater proportion of those
patients who consulted or presented more frequently.
While participants were required to complete each field
in the form, “Don’t know” was a valid response option
and so, as is often the case in survey-based methodolo-
gies, there are some missing data, particularly for histori-
cal data such as baseline ages at symptom onset and MG
diagnosis. MGFA classification is used predominantly
in clinical trials and not routinely in clinical practice, so
the applicability of the disease severity data to clinical
practice may be limited. Additionally, the study was con-
ducted during the COVID-19 pandemic, which may have
restricted face-to-face consultations, healthcare resource
availability, and uptake of patient-reported forms, and
the consulting patient population may have consisted of
a higher proportion of patients with severe disease than
would otherwise be expected during data collection.
However, inclusion criteria for physicians and patients
were minimal, which allowed broad, geographically
diverse inclusion of consulting physicians and presenting
patient populations.

Conclusions

These physician- and patient-reported data confirm the
need for education of non-neurologist specialists on
identifying presenting signs and symptoms for a cor-
rect and timely MG diagnosis, and improved treatment
options and diagnosis methods for patients with MG.
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Even when their MG is appropriately diagnosed in a
timely manner, many patients with MG continue to expe-
rience symptoms and worsening of disease severity, and
only a quarter of patients see an improvement following
treatment. There remains a need for additional therapies
to address the unmet need in patients with MG.
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